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(54) VIBRATION-TYPE ANGULAR VELOCITY DETECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To cancel the amount of 
offset in detection output by generating a vibration force in 
Y-axis direction based on output for reference, shifting the 
vibration in X-axis direction of a vibration member, and 
vibrating it with both piezoelectric elements for driving. 
SOLUTION: A vibration member 10 that is supported with 
Z axis as an axis by both piezoelectric elements 20, 30, 40, 
and 50 is excited in X-axis direction, piezoelectric 
elements 80, 90, 100, and 110 for reference are mounted 
to the vibration member 1 0, vibration in X-axis direction is 
monitored, and output for reference is generated. 
Piezoelectric elements 60 and 70 for detection are 
mounted to the vibration member 1 0, and vibration in Y- 
axis direction being generated at the vibration member 10 
is detected based on the vibration in X-axis direction. A 
control means generates a vibration force in Y-axis 
direction for shifting vibration in X-axis direction based on 
the output for reference, drives both piezoelectric 
elements 20, 30, 40, and 50 for driving in inverse phase, 

and vibrates the vibration member 10. An angular velocity detection means detects an angular 
velocity from output for reference and output for detection, thus effectively canceling the amount 
of offset in detection output. 
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(10. 10 a) t s 

?\z%im£tiitmM®miEnm* (20M50) t, 

( 8 0 JSm 110) t , 

^Y^rRjcD^i&Sr^tHi-^^tBffiJEEm^ (6 0. 7 
0) £. 

V>{CiS?^lc:T^i[j*r5^^ (1 2 0. 1 5 0, 1 
8 0^12 1 0) <t. 

(120, i3o, 160, 170) tzmzzm 

mum mm mti zmmx vmawim sri* 
&&2L-rz>mmz>&2i^& (190M210) 

T, 

fitfHSM^S (1 2 0. 1 3 0) t. 

•tzmmmm^m (160, 170) &m*-x&*>* 
mfcfflwmmK tm*mmm*><Dma& 90 0 

<fcpJcffiffiis^-5SB2ffl:ffiPSI^i[: (150) Mi 

etria^ 2^M^^<7>^iigm^$rMfB#^t±i^ 
izmn lts 1 iDS^sr^-tsB 1 aD«*»^#s 

(19 0) 

Mft (2 0 0, 2 1 0) h&ffiZ-X&V, 



[if ^3] x«u Ytt2fctfZ»*a»6fcS*5^«3R 
(1 0, 10a) <h, 

r (ommmz. ^ momm** x m \zmm s * -5 <t 

5^^^tLfcl^lEib^J5m^ (2 075^5 0) 
aftEffltteWKiiBS* * HTiiftiBigS&IMt© X o« 

(8 075M1 1 0) 

ftriaintifttticSMt £nr- x ftttfr ft <oi§ 

zYWjfo<o»m&ikm-rztiimm&mm* (6o. 7 
o) 

vMca!ffi«fcrw»i-5»J»^a (120, 150, 1 

8 0M2 1 0) t, 

3M£ (120, 130, 160, 170) tZmtLZM 

mm^mmmmmmxhox. 

&n*>mir2: $ \zmwmmi\^s^^Y^n^<otK\ 

«**«fe-r6AiaHj*&^« ( 1 9 075S2 1 0) & 

mawm^wz (120, 130) t, 

*t&miMkik¥8L (1 6 0, 1 7 0) «r«ir*5») % 
"J-5^2fi:ffiPlffiE^© (15 0) SrH»iT*J5, 

(1 90) 

eaiB»2ffi«Pi^S<ottffiPSW^Srj»fi:«IJcrt9l2 
M^(2 0 0, 2 1 0) <h^r{iiT*39, 
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[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 
[0 0 0 4] 

[&1] F=2m (VXQ) 

xwy<* vma mm. &&r. ^t, hl^o 

[0 0 0 5] L**U «»ffl*t<0aPX«*Ju ^IfiffiJE 

[0006] rfucati/ttt, 8f§9B86 2-52410 

mm-rz> ttbiz. mmmum*Rxmmmmnm* 



[0007] U^U w<oJ:3 3feftjS«*Ui3£a-ett, 
;tW<fcfcli§$:9 0° fc»»1-*fcit>fc: % fctHJBJE©*^ 

M®j^Wc^u^^tc^xrnvN^v\ lot, Ait 
[ooo8] r*tfc»u 

h ft*a*»iJiflBsw saw* k:o # b-c^fc. 

aQ = 0"Cfc6<7>tc=i y^-y^F = o^n^ic«:^i: 
[ooo9] Hot, ro3yty^F=omt5 

[0 0 10] rtiliinii, attSWtettU 
[0 0 12] 

[0 0 13] ^tllCtOs «ffl«BE«*-?0«fflfflA* 

^6<DY«i*rR)Jni»*lcJ:oT. flr&Mlcfl"&tMSn« 
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mc&ttz>&*>\c&m*m&'rz 0 ^lt, Hams 

[0 0 14] Mft«toft2ttfeltt¥K4^ ± 

iB#flRfflm^?offi«sr 9 o° rfta £ 5 

s„ /w«j*fe#«oiBijpatt»fe*a3Sfi, as 

12# ffiA fcflDl? tTS 2 ^nig^j 5 o 

[ooi5] fit, um^mK »imtt£.m<3s 

»*<di^j:*ii*ioo, ±m*7*tv hm<Dn^mv. 
v -m&m^f o^t s 0 

[0 0 16] !»#^32ttMK:iB«<0*WU:J:*L 

So 

[0 0 17] 

tcistfcun-rs. 

[0018] ^o^ififitfcm^et*. 11 1 tc-c^H-^ 

1 0&fl|;iTVV5 o ro&ffjgWion, * 

£>«J^;friR]££&E#fa (EHi-Tin^Y^rR]) i-fpj 
it, *©ssi n-T, ^-floawiu 1 a^i^ 
*ffi^*Wte^3*LTV^. Jg§&m*10tf>£ 
asuogf^ (Bi«ccH*x*fcM!i) n, nifts 

<ow*»^i 2, I3ii v 1^1 io^««sd»&3tt*: 

«£7K¥#fcffiffiLT^<5. ^4b\ zttttSt&aiti 00 

[0019] Jg»^ S B\ -*t<^IWiIjE«I}f ^ 2 0 , 
^ffi^BEB** 6 0, 70^ -#0*fl8ffi£E«*^ 

so, 9 o<t, m<o— M^mmmm^i o 0, 11 
o&<iif;tT^So — tt<Dm®mjznm^-2 o, 3 on, 



f£i<^-tt<omw)mi£mm*2 0, 3oi:wicgf$h 

"0>S 0 

[0020] -^llffiffi^2o, 30 

^40, 5 o^p^^ttSSHtbfi-^^^^b, z 

je*;*^ 20. 30 btizrnmim^o&im&m 

te*Bt£/£oT^S££, -M©IE«)fflEi*f4 0, 5 
0 tc^Px bHS^iblf ^-o^{4ta^g^ 1 1 Sr*<0ft# 
^fRlJC#«-r^f^ 0W***^) <0ffiffi(C3feoTV^ 

So 

[0021] r^xic J: 9 x Mib^BW 1 o <omsmft 1 
2 , 13(1, #^ib^B£@^ 2 0 75^ 5 0 <DMm\z.& 

mnimmw>hti:z>x.5icwm£fhx^z 0 &m 

^12a x 13a ;t"^S 0 t&mJSIESiff 

— *\ «tti/Bi£®*^ 7 0 mtbK 1 3 <^±®^ij^ 

[0022] mrA^i oox#*S)ojg 

o$m&W>}ti 2, 1 3lcTY$ifi^^R]{^:sv^^r^tai^ 
xmm-rzo J:or, -»©«w^je**^6o, 70 

ffiMW-l 2, 1 3 0YW*iR|(D*iB»Sr|jWi-j- 
S Q r^ttt, — ^t<D^tii^iEm^6 0, 70^1 

[0 0 2 3] — *fO#^JEm^8 0, 90J1, MW) 
>T1 2^)±®»ICif$nT*5^ -tto&m 

mjzmm? 100, non 1 3 <n±m&mz 

9 on, ^®)>fi 2<ox«i^rrtj<o«ttJcjssCTfi»L* 
on, 3(Dx$&j3fa<Dmm\a&zx$mi,&m 

[0024):^ #»12, 1 3 0X#^fR)Cr> 
^»JC#5#l:t) 12a, 13a -#0 
#fiSfflE«*^F 8 0,90 O##JlSffl«E<0ffi«&tK— 
#<0#JBffl£E«5R^ 1 0 0,11 0 <&##JHffl«E0>ffi 

So ^*5, #l»)12a, 13a^ 

[0 0 2 5] ^MiiUMfj:, 2 
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0 ZttfLXX *) , ^<DmW>®m& 1 2 0 tt(DlEWX*> 

m*\zTW\&mm&w,m*s o, 1 1 o<d#— flswsic 

J*J*^tt, K#JHJBEE«*-?-9 0. 1 0 0cO#-^mS 

icSHKS*vcv*. tut, nuiiH^i 2 oi*. m& 
mmfrmm* so. no *>##jHfli we«>siri*#ih 
mmnm*9 o. i o o<o##i8/Bmi£oft£^i&i#tg 

[0 0 2 6] IHiKlil 3 Of*, ^gbtftgggl 2 0<D 

OWc. |g»«A«ll 2 0<D^fbifl>SmEE<ofi[ffi«r^o^ 

Sfc. fltfiSilESl 5 0l±. ^I**i<I§§i 2 
O^HSjit^mffi^fil^^B 0° ^AWICWfiUTffi 

[00 2 7] m# -f >*B£lbJlHMt i 6 o n— ^rottta 

fflj£«*^6 0. 7 0O**m«ESr^»itMUr»b 
*t<@mffi«r383rr*. RHMMW 17 0)1, IMS MM* 

1 3 o<Dfflammn&\cm'52mhmm® i e oohkj 

»«WlO©flast»at5) Sra-w-MttA^L 
[0 0 2 8] 8 OttfitfHSISES&l 4 0<£>{£ftl^ 

&mi£&ii4f L-ciftimffJ: itiit6 e mm&i 9 

0 t*. ffijggiss i s o <DtiLftmmnmzmi®& i s o 

Oli««BEt ADS UTiDSmH^rlS^ LH«OKAff«« 
^20, 3 0 CBttOtS. anHS§2 0 0 I*. flrfsift&S 

1 5 0Ottffim«E«rittW8»l 8 0<D*tBfimi:J&Dff 

ASVX7-4 o.5o ^Btirrs. 

[oo2 9] z<D£5\cm&i,it*mimmMmz&\,* 
i*. «M»rio*s, to»i iter, Mnwsrai 

**-2 0M5 0(C£9Ub£*U Pfamb#12 % 13 

[0030] rcot^. mm®m&nm*2 o s 3ot>* 
z>mu 1 1 \cmt>z>mmn&<om&i*. co ict 

<DJEftffl&btxmffla<01E&tel& (0 3 (d) 
/^TV^So fi§oT, WJR»^12, 13(1, *<D&M 

izmm* 20 o\z&*)mm£frx^z>o tt& % m 

3 (a) Mi3 (b) 0#*«W:,-«JW5ffi«WlE 
# 1 5 0 Ott4B5SSmflEdS«.JKi& J fflEEm* J 7 L 2 0.3 
0. 4 0, 5 0l£ftm~f-Z>1$l<Dt><DX&>Z> o 



[0031] titz % mmmmmmm+s o. 90^ m 
mfti 2<ox«*r&i<oigi&^^^L.r*5D. — PI 
WJEiiflOO, 110«, *g$fr>t i 3(oxi|&;fr 
£3bft#i o(D&imhfr 1 2, 13355, ±ie^^ 

[0 0 3 2] w©*5*©HHC-C % ^#^BEmm^8 
0, 1 1 0<&#«BE«EE*>f&fc, P5#fiRfflffitt#^9 

0.100 <D&mmmn&<Dft t *k mmmm^ 1 2 0 
-+&t. z<ommmmmmtK 4tt««8«i3o«i 

1 5 0lc£9«fcttNaESJi,* o r^X. Wifl5 
0<D&ffiHSIUE<Oft^«:, i4 (a) KXffs+m&b 

[0 0 3 3] SldJ^ffim^6 OdSJg»>tl 20 

mww- so, 70 (D&mn&&mmmmm leoic^ 

HJMMfcSl 7 0 2)5, fiffiPiSSl 3 0OM1 

co^. «attdttmn[*i 4 ooflMHaEKEEtt* 

[0 0 3 4] ^e^l 8 0Ht. ttttllSESl 4 0 

180 coit^ms fcanjf ujuugmff (@ 4 

(b) •JR) «IS£LpiKnA£«R-T-2 0. 3 0i:fiJ 

[0 0 3 5] ^$2 0 OdSltffi^l 8 0<D*i« 

mjE^tfeftPaESl 5 OCOttftfgffiEfaEEiiDffLTADat 

®jE*is^*r-5i:, r<D^mjE^ N >r>/<-^ 210 

lc£&ttttKteSftTttfcRfettE (BI4 (c) #JR[) 
fcLTW8Mllfflffi«»^4 0, 5 0(CRl^-f5o 

x, _bl^&^BPM^c^3v^-cri, ttffiiss«i 3 o<omu 
m&n&tK mmmrn® 1 2 0 (D^i&it^mjBE(D^ta 

[0 036] ffiffn&S 1 4 O OteSPS&mEE 

Wt. SBUMWl 2 0©Jg»it««BEotttt«:-tO»a 

ox. tSffi^i 8 o<oia«®jEott«%ttft|gssi 4 

l&l 5 OO&teSBSEmJEEtt, SlttittM^l 2 0<D^®)i# 

[0 0 3 7] ^oT. RAlSSl 9 0. 20 0O«Alj|[ 
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<DffiaRmw&<D&m m* ( c ) &m) aniM&i 
so<ntmn>fe<Dwm (H4 (b) \zMvmu<D 
-rtntffi&tftz. cofc^, mn^i so <Dmnmj£ 
\c£z>ffimW}mi£m.m^ L 2 o, 30011^^ >{y 
* 2 1 0(otiLftKtenm\zs:*)mm»mmnm*4 

o, 5 o<0ffi»;frfi££MCYtt#ffl^fc?K a>o, 

[0 0 3 8] o£ 9 , ffitabjf 12, 1311, Y$6^[r] 
£#©«»Jtl 2l^DPt?6«»J6^ttl2l4 (d) ICT^ 

i-ifeJ^fc*§o -^^li> S»>f 1 2©x«i#G]<dS 

WKDmm (0 3 (a) #RS) Ofirffittt-ftbfcfittSr* 

U *>o % 0 4 (d) icT3*i-*#G>»it>, an-jfi 

[0039] r^J:^ fitt>fl 2^*5lt5!fcl©^ 

(d) icr^i«»t«:i!frflr«<oii»jfijgt3&5^ % - 

3 (b) #JB) <ott*Bttt"«L*i<ttt«r*U, a>o, & 

mis <Dxm%fa(Dmm<nmM£ v t>«^ LTv^^ 

fflfofi- 1 3 fc#LY|fcfrfifc:S»tf 12 t fittSMfcttlCT 
[0 0 4 0] £*UcJ:!K S»Jtl 3m5ftlOS 

*>M*H»* 0 Ccoc^fcj:, W*ffl^JE«*^-6 0, 7 
2lCA^rsmHM£ttlt?'4 0* 50*^<OYtt^rpJ 

iD«^&r««i>f- 1 3 k:*m-5 ^ib^jEEm^^- 2 0 , 
3 od^OYW^^S^rtcio-c, SM«jfcJT*>«* 

[0 0 4 1] l^»3«l»^2 2 0©«8W^ 

iffliiiif 9 0,80 tc*t u-tH^nprtftwicffiiit-r 
© J: 5 ki, UHttf 1 0 (Dmmft 1 2 0jt#3riftic&io 

So 

[0 0 4 2] Ji««i**?glBi ffiiE 
»JBBEtt»? 3 0, 50^ ffi#J!&/8JE«*^ 100, 

1 1 oizttv^ti^nmt&mz&m-rzzsi^ 



£91 i±iSlc*»rt-C3&*$frcv*5 0 ^oioirttt 

icftllWl 9 0O«n»«BESr^]K»ffiJE«*^2 0, 3 
0lcep;to1-S<!: ^>^^2ioofe«i 

ftzmmmmmmm^ 40,50 mwrn-t-z ztx\ ± 

So 

[0043] (jg 2 h^jd h e r±, *mm<D% 2 m 
is-m, mmmm^^ 120a, 120 bRxwftK& 

1 2 oRxmftm&&i 3 ot-^T, mjb^jvc^ 

So 

[0044] mmmm^ 1 2 0 a js, vontbit 

«*T?*>ot\ -OMI&iifS^l 2 0 ate, ffiftftftE 

t^8o, 1 1 0 <D&mm%nj£*m.mmmLmmm 
femm*&&tz> 0 Mibit*!^ 1 2 0 b 1*, 
mmmmm* 90, 100 <o3-#M;smjE&M»iif *il 
^ittsmjE^^i-^ 0 mamma noait, nib 
jf «ss 120a <Dmmm$in3£<offla& x ±«a=» y *y 

ic, 9 0 ati&fawtziwm L-xi&fam&mm 

So 

[ 0 0 4 5 ] * fc, JlB* 1 *»38*iJ:Ta^fcffi«f| 

m& 1 4 0 ni&iiii§§ 1 2 o tcftx.r, mmmm^ 

1 2 0 b^llfti^KteottftSr^^iftil^ffitt-f^ 
**<i-SJ:3lc|i»bffittiPai«JE*»^i--5. * 

fc, ±jb» 1 **««icras-<fctt*«HiE#i 5 0 
^ibif*M^i 2 0 letter, Hlftii««i 2 0 b<DHib 

it^mm^tt^5r9 o° tzwikwizmmvx&ftmmm 
[oo46] ^ it. ±mm 1 zmmmkcxm^itmrntfi 

7 0lt te4BH^§Sl 3 0 (cft^T, ttftMflES 

13 0 aO&ftliSmiEtcS^^iyaiiffi^l 6 

- h t ur^i-So ^©flfco«rtr±±iE* 1 urn 
ts^8o, 1 1 0 ^saMHims^sawffs 1 2 

0 alCct^^f&tt^i^ttS^^^JC, ^#M^JEm^^ 

9 0, 1 00 0#^Jg««l£d3 jg»if fit& I20blc 

[0047] ttffii^SIS 130a ic J;s*flpfgpifi 

n, mffiffiMfisi 40,1 5o©4ttftj«itt, Hid 
iaffisii 20a &raijflicRi?fcmjflmi 2 0 bco 

13 0a <0ffi«fSaE«ffiO|fe*rttd$i^«WffiJEffi*^ 
6 0, 7 OO^ttimHcO^^^C^^So ^oT, 1^1 
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[0 0 4 8] (I3^M1) m7 7b^m9l**&W<D 
a^$i^tV^-5 0 Z&mm+S an, 0 7 75^^19 

[cxTF-r^t < . mmttj&<Dmkmmmt 1 o a &m 

Z-Xl^Z,, 

10 0 4 9] 10a(i, ^(Om 7 \CXm^ 

ji*gir-c. ^m&m<Dmm^3:&£tix\,^ 0 --x% 

^Ib£Wl 0 a<o_bT^i 4, I5tt, TK^^f-tt© 

5c &*5, ro&itigwi o an. ^HWo^Kft 

is. ±mmimi&mi&\cxm^tzmmw)m&nm*2 
o. 4 0. wi&mM&mm* 6 o . 7ow#mei 

[0050] mmmm&mm* 20, 4 0 n, teu^w 

4 0n. *«>UktCJ:!K 0 afcXHfcfrfilC 

^i&^^r^o &&mmi£m&*6 0, 7 on, 

10a OJiTf^M 14,15 lc**>g#yfrlR]K:»V^ft 
«h**S*lT:fe!K ^tte>#«fefflffiBE«S^6 0 % 7 

on, ^ib$p$n o a<?>3 y ^-y^^s<5< Y$a^rpj<^ 

[0 0 5 1] H;*:. #JSJBffi***-8 0l± x ^®J^1 

0 a CDfeflffl 1 6 fC*<D*^*ftlCteV^#£;|VC*3 

d % zco#M^£Em^ 8 o n. mmm ioa^ 
3 mmmmxn . _biE^ 1 nffi^ffiicra^fc^stiif 

5§ 1 2 0 Kft;LT. ifl«W 12 0c $^T*5 9 , 

r<0*t#5Sl 2 0clt #MffI^8 0O#Mi 
ffi$rit*aUTif<iim£ESr^U -LIE* 1 SOWBUBfc-c 
a^fc^fiHBSMM&l 3 0 75M1 5 OfcWAti. 
[0 0 5 2] ffifcfl&Sl 3 Of*, Jgfig&l 2 

«lci-S«fc5*c % 9 0|f^rt««!l«CPiSLTfir«IS3Sm 

ff«r»±-rfi. tttafissi 4 on, mm&i 2 0 c o 

5 0ft, i#*g£§ 120c <Dmi&nBE<DtiLmt: 9 0° 

[0 0 5 3] ±ffi*llttfi»JBl!:-cat-<fcj!ipW» 

1 9 o(Din»«Ett % Ei&fflflE«*^2 oo^*cbpjd4 
tt$o -f * 2 2011, 15 0 <z><£*BP 

5 o ottspiaEmffSr-r >v<— * 220 <ott«^em0E 



fc^»LTJD#«0E&»£UTOJIiJ£«* : P4 OlcfWta 
t5o ^oflfc^>*«W:±l2*lllll6JKtti:K«-C*>5. 
[0 0 5 4] rO«tplC^bfc^3^^ffilC^VN 

-c. mmuui oat>K ±sbs i mm&mt mmomm 
ot^, p5s«i^EE«*-? 2 o , 4 o^&snatti o 
[0055] ■§=*:. #«i^8oii mtmui 

0 a coX^fRXO^Sb^r^e^^ LTV^ 0 ~ coi 

fUEtf*. Hibif^i 2 0 cfci!3^»«|«$JxTll«l 
«ffiHM£& 1 3 o 1 5 0 fc J; 9 ±HBJB 1 HIS 
[0 0 5 6] «»W^JE«W6 0, 7 0^nb 

0.70 0tttt*S*:|HMM« l 6 o Jc: J: *3 UttittA 

tSO^ MSl 2 o c ©Wy«fl6*J: 9 < 
[0 0 5 7] AP»^1 9 OAK ffifflam&&l 4 

o , 150 <D&m&wmm&*tm uak «s«r»& u 

«KftfflEE«* : ?-2 0^H3lIDi-5. *fc, -f^W2 2 
0 riSfttSPffiS 15 0 ©tfctiiiaE«JQE(DifttB^«iUT 
tt*S*s«BE«r»^i-S . *D^§& 2 0 0^ (OWmK 
KWBE^AIQSSl 5 0<Oteffi^SEIifiEi:J&DSUTllD 

[0 0 5 8] -ixtrj:^, JbiBSSl^Jfi^ffitHSWic 
mmK, WttWfflEE«*-7- 6 0 , 7 0O*ftBUWC$ 
^nHt7ty hS*^ ^»SB$n 0 a|C*H"«TO 

@iMEEm^2o, 4 o^e>osvsciSffift<oYtt*rBi 

So 

[0 0 5 9] <e^, *3BW^*»C*>fcl? % ±ffi«l& 

3 o&r/tto— »©as«i^B£«*-?4 o. 5 on, 

-^tt— *<OB»^EE«*^ Sr^lh LTH1 L T t> <t V \ 
jStT^-^^JEi*^ 8 0, llORxm. 
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[OO 6 1] «W<&3l»C*fc*K 

5^ti!l^eo9 0° ott*BW»-IS5ri:^<, 011*. 

[@ i i *&fR\£&zfim&mmmw<om i xiumbic 

■r— (b) is, ^2^y/^^2 l ocom^^ 

K (c) t±, 0 2<DW#IHffifE« : f8O, 

i iooinA«« z^-r** 
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m*)ieii&&7F-r*<4 s^^-v— k (c) 
-^210 ©a**^ft^i-^>f s k 

X%>£ 0 
XtbZ>o 

[BIO] ±ia*3*ifi»»^*3lt<5««lsIK*j«H-C 
S, Sa-jg^ 10, lOa-UHW, 2 0 

so-mmmEEmm+s 6 0, 7o-tftaj^jE«»^ 

8 0MllO-#IMElf^ 12 0, 120 a, 
120b, 1 6 0, 1 8 0--SIMMHk 120c-if 
*gf&. 13 0, 1 30 a, 14 0, 1 5 0-«I 
17 0-ffl», 1 9 0, 2 0 0-ai*» x 2 
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